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A ‘fragment’ of English which is used for writing program specifications is defined by algebraic
language ASL/*. The syntax of Lysg is defined by giving a generalized phrase structure
grammar and the semantics of Lns is defined by giving algebraic axioms which define the
transformation rules from sentences in Lygs into formulas, and axioms which deﬁne;}the“’
semantics of non-logical' words as operations or predicates on abstract data types. To refiné the
syntax, for each phrase, the data types of the phrase and its arguments are specified as fea;tilréér
(arguments) of non-terminal symbols. We also describe the transformation rules which define,
among others, the semantics of plural noun phrases, so called 'donkey sentences' and

coordinations.
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The file contains customer records.

Count the number of them, (4-1)
The file contains some customer records, (4-2)
The file contsins no customer records, 4-3)

i3 (4-1) Tlicustomer records® X ¥ (A thenld, the
filele & F N TV Heustomer recordD|HELRLTVA
rEL NG, ZOL S, HEFOWMEMI, R
BIVZOEOBKIC L > THREAMELRT LTS, &
r, BERERAROBORETE S SFIX 4-2), ¢
ik zheh, the filele & FiScustomer record®
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KLTWB LB NG,
—H, ROBL,

All processes print their current states. (4-4)
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Tk, B 2BHEAHEORBE T v FTBENS
BT b, KEHtheirk T u e 2OBETII R AL
OFrezBRITVELEER NS, LT, Wb
35 BIARIC BT, theirld P e 2ORA2 3 TEH
T, AT e e kX TERICHEL RIS
L, TS, REBEOH/HIU-1)~4-3) & (44
THRE5,
ZHRAE z N b ETE B X 3B, BT
Bamc T s R BAERT.
[T4] s~s’ , ok_sbst_for x in s,
x belong_to X in s >> s[[x/X]]=Vx<€X>s’
[T5} a: N[+PLU}
s~s’ , ok_sbst_X in s, type_check(X, a) >>
[1a]s{{X/a}}l =
if GEN(s, X) then s’ {X/a’}
[1b}s{{X/a}} =
if EXIST(s, X) then 3X[X<nonempty set of
a’® As’ ]
[2]s{{X/some a}} =~ 3X[X €nonempty set of a’ As’)
[81s{{X/no a}} ==13X[X €nonempty set of a’® A s’ ]
22T, o’ WeOMEEERLTVEM, b L aHE
EORVWERAOEBAE, nonenpty set of a” ORI,
alp{ . BB x belong_to X in s WNsiBWVLT,
XOF—2E L T2dlTBHE, XDF—4 3 4 ThHiset
of dTHBLE, POEDLEDOAtrue2 gB, T,
s[[x/X111E, Z¥Mx 2 XIcBERR, xPEHEOL ST
HEOKE, FHEOL BRIz e BEeE T
5. (XBEeoLK HiAEEOL X, 2OWH{T5.)
(4-5a)
Detect those processes., (4-5b)
SRR, (-50) OtheirlI@LDTu L2 2RLT
BY, HETsRERTBELO TS 2R E TEED
Eehs., LbLEDS, (4-5b) Dthose processesld 4-
5) CBRINL S 20BARRLTHY, HET3
BT (4-58) THRENL T v b 2 OBE R TER
sHLERINEZ SRV, [Tikd), BLoieRIE
B (ko@TiEe) &, ThEERIS >RERRIER
(kOWATIEP) oMBEE- Y Bz ENTES, (THR
e R TERXCRTHOMBEM, & LUREsone,
DoV R MEERRRAT S L ORATHE. TOL
% « MBI DT, type_check®, a) LV IRAELY -
ZRXIBRERL LS.,
(#1) p prints s, Detect P,

Some processes print their states,

p prints s A the program detects P(X')
(x@aic B 2 EBOBMWICHOLTR, XMO) @) 2

B, #1, HROFHLEREE, 2hoeREES
“AT TREARRERICHIET B .

[r 5] xh

p prints p’s state, Detect P,

p prints p’s state A the program detects P



p belong_to P in s == true 7%, [T4l kb
P print P's states, Detect P,

Vp<P O [p prints p’s state A

the program detects P)]
[rstf2) kb '
Some processes print their states.
Detéet those processes,

73P<nonempty set of process A
[Vp<P o [p prints p’s state A
the program detects P)
1) XOF—4% 4 7, xOF 44 4 TORBET
HBLTH.
(T4 kb,
X are read, ~Vx<€XD x is read
GEN (X are read, X) #X=cardsiZ3fL CtrueTH s & Th
W, I51{11&b
cards are read, = Vx<cardDOx is read
L35,
(6] t contains CR, p counts the number of CR,
1, f contains CRAp counts the number of CRIZMIE
B,
[rs} & b
f contains customer records,
p counts the number of them,

aménonenpty set of customer record A
f contains CRAp counts the number of CR
[r]&h
the file contains customer records,
Count the number of them.

3CR<nonempty set of customer record A

the file conteins CRAthe program counts
the number of CR

233, FOFTEA contain” DEWRIX, ZDZHo0H|
B (EELENE) oF—2% 4 THMHEset of d , R
FdTHBGROFRLMBL T, FIBOFT—2 5 4 FH
Lyizset of ICHBMRBLUTRD LI CEERTS.
VDl, D2<set of d

Dy contains Dy <> Ve<Dy o Dy contains e
filedsset of recordicE 2 HML THONBF— 2 4
{47y, EoAEYY,
Vi<file, YR€set of record
f contains R

© <=> Vr &R D f contains r

4.3 donkey3UicEAT 2 ZH R HBL LAl

— B3 donkey L & XN B XMH D, AW,
1f the file contains a record, it should be
printed, (4-6)
LRSI ENTHD. iiFiRO “a record” O “a” X
HEERERCHET 2 L5 @Bbh s, BRiclkzoxX
i, T “the file” WATNG L S BrecorddiPh

print¥h s | LRI NBH S, KT 5HELE,
Vv x [[x €record A the file contains x]D

x should be printed] (4-7)
izh, x»BRBT5OIRKHEFTTHB. 0L dh
donkey XX, BMCEREI 2 LEUcH NS, UT
T, donkeySTORFMT & 2hic S ERANLHR<D. 3,
ROBHDIRARTASL (4-8) 2582 5.
If the file contains x, x should be printed. (4-8)
(4-8) e it ¥ 5 maEi,
the file contains x D x should be printed
TH5b.
(4-6) I3 (4-8) DEERxI “a record” AL THLNG,
ok, @6 icHiEy sREX(U-NR, -9r 5K
DI LTEHEINBLEXS: T U-)BVT, (
4-8) OPERBAT “11 the file contains x” &3NET 583
REROETHIc 2 BR T 3HFELS 2o RO “HHE
2 RER" 2825,

3 x [x €record A the file contains x] >

(4-9)

x should be printed
== [ 3 x [x €record A the file contains x]] v
x should be. printed (4-10)
2EXD, 4-100T, IRTOHBEHZAB XS,
FHES2EE ‘1" OMMeBHT S & -1 BELN
5.

D3, BEXCTIRBINEERI<TERL X
SRIEBSOMBE 2R 20IZHL, BRECIRETNC
H3 B REBE SN TCREROMBINRE 5728, donkey
XOL5BRREMNEC B LB 5B, 2 TdonkeyXic
M BERLEBL, UTOL S ERISHRTS.
[F5#ITL ] a: N[-PLU]
sa~s” , ok_shst_for x in s
[la]s{{x/a all=~

if GEN(s, =)
[1b)s{{x/a al}=~
if EXIST(s, x) then Q3 (s” , x, a, s)[J
22T, Qv (s’ , x, a, s)ERDIICEEEI NS,
() sieBY 2BHO (—BEM) OEBREUHCHE
T5s" OWIRARNLs] &T5. s WBTs] &3]
=Vx[x<€a <> s} JeEBEARRes” LT3,
(2)s" I\ T, s) OIMCRNS BHE e TTE
UhrBic, s] OKGHORIES V" 2BPE R (2K
L, “7" 50 “D” oAficH Bt YL ¢
3n ., AT 3 VT B E) BRELh AR Ry (
s’ , X, @, DR R TN
Q3(s° , x, a, s)IEDOVTHFABRICERTS. 41, 4.2
TRARRMOEEAS $_C RO S EETS.

%3, Loy (8° , x, a, s)OEHICBVT, s” %
ez bicit, BEES 2o X sMARELMEETS
YRR S0, 2hUT, BLBEAREBsitB8LT—
FEMeRN B HIET 5 ER 2 BARERTH 5.

>>

then Qy (s’ , x, a, 35)



BHE RSSO R DR —E R e S U A2 BEL, A—
Rz (Riz) B, —2OXHTH—-EHROR
SEMFRTRES LS LTI, BEEREXORH
Bz 3517 288, REMRic 81T ¥ OHBEOERICHE
TEIDIS.

44 SR RS

WKDIIRIeELS.

x, y and z are integers. (4-11)
zhix,

x is an integer and y is an integer and

z is an integer. (4-12)

PSR EBRO L TEMTHB. (-12) 2B B “and
" SRERE “ A" ORKEEOOT, (“-11) OXORER
T (4-12) DBIL { “x is an integer” &) 2RENCE
L, 2N5LRMES ‘A" THELTHSNDREN
Cr-TEETESD. 2Ok 5 RAFDLNET BENE
# (R “A, Band C", “A, Bor C” ) oz,
SMEmOMA e RREg (A7, ‘B, “C") <@
B2 R R (A, vT) BALREOLLTE
BrxhzbONHS. CheSMERORMEFLL LI
¥5. —7,

A stream of telegrams is svailable as a sequence

of letters, digits and blanks. (4-13)
L33,

A stresm of telegrams is available as a sequence of
letters and

a stream of telegrams is available as a sequence of
digits and

a stream of telegrams is available as & seguence of
blanks, {4-14)
LS TORIKE SMmTERL, HoTRTERN. T
nix, @-13) oxxTeiE, “and” (4-11) O3 & Rk 8
afe Lk BHET TS B, Sk “s sequence
of” OHMELE STV ARBHI (@1 XD X 5 R
BAT “A” OBIRES RBVREDTHE.

D& S BHHIEEMNEHET ¥ 50 Y 3 hIT, S
pE, BINE, MIELR-TV5 k25 OBECHITEN
wEHOWRIL Y - TRES. BT, BREZRER
xR T BB SR nhZasshg, SHER
B & LB ET 3 HRE L, SHHIERORIMSTIE
BED, MREBAEITS .

5. REARA~OERL HIOEROH

z T, () ofiEz—-omY B, KRz ZnN
LI FTERL MAERY, 2oRRBENTOEEIOTSE
BiRd. BluEROMRL ZBELERT . Nz
T (3) Dthese two filesld (1) Da serial master file #3
L 78 (2) danother serial file 2ZIITCVBEDT, TH
L p—oDRELAEL, TLOTERTS, N2IHS
5 “may” RBATEY, Tu¥ I ANOATCE-TH,
invoice® 2 oLl Ed Dcustomer WEIET B T & 2HNT

#£1 EBROMFE L5 ARELR
[N1} (1) A serial master file contains customer name
and address records, srranged in ascending sequence
by customer number,

(2) Another serial file contains billable item
records, arranged in ascending sequence by date
within invoice number within customer nuul;er.

(3) These two files are to be used to print
invoices, .

[N2] There may be more than one invéice fér 1Y
customer but some customers will have no invoices;
[N3] Due to punching errors there may be billable ;
item records for which no customer name and address
record exists; these are to be listed on 8

diagnostic file of messages,

%2 F1dpoEHOBMAESNSRAN
[L1]) ¥x[x € serial master file A
3CR[CR €nonempty set of customer
name and address record A
CR are arranged in ascending seqenece
by customer number A
x contains CR] A
3z{z€serial file A
3BR{[BR € nonempty set of
billable item record A
BR are arranged
in ascending sequence by date
w'ithin invoice number
within customer number A
z contains BR] A
3 1[I €nonempty set of invoice A
{x. 2} are to be used to print 1nn
[L2] © 3 x [x €customer

311 €more than one invoice

(1)

N
Vili<€l D i exists for x]] A
3C[C €nonempty set of customer A
— 3 1[I €nonempty set of invoice A
C will have I]]
[L3] © PE[E €nonempty set of punching error A
3BR[BR €nonenpty set of billable item record A
— 3CR[CR €nonempty set of customer name
and address record A
due to E, CR exist for BR] A
3 {[f €diagnostic file of messages A
BR are to be listed on f]}]

(*1) 42355 “more than one a" (e IBEKOYESL
) 1, gEEThh, HET % IR BT S IINP [+PLU] .

(7)



W5, SIST 3R, “nay” BT BAROERAR

AuvT#vi,

[ZS{%ENTE] s : S[+Kn, +MAY], s ~ Os [

ceT, Hald, RECBAREXTHE L, AV,

MBI “nay” 2B 0T 2 BRT. s, s 2EHX

WCEIEL FRBET A RTE.

ERroBREB o s R 2R 2R, [L2], [L3] %
BB, BB “there” WET BT OAME AW,
vV d €data type, Vx, y<€d, VX<€set of d

there is x == true

there are X for y == Vx€X D x exists for y

Fre, BITHOSNTWBEH "record” ZBIT3E

BeR3RET. L2 0 “within” W2 ALRIRHAOHE

£] “x is arranged in ascending sequence by y within

z within #” 13, X3 Dii) LARICE/TES.,

BEE SORQ FreonTHERECE, R¥EEEULR

O#fE BRBESICERLET.

X R
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@ B, Xm, B8, i, @, BE, dhE: "o
¥o stV ARBONE Y 257 & —REM
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“Introduction

%3 recordBDFBHICEET 5 EHK
i) Yr<€record, Vde€data type
d of r€data type
ii) Vy<data type (1 » Yr<€nonempty set of record,
V¥ x <sequence of r, Vi, j<€int,
x is arranged in ascending sequence by y €bool A
x is arranged in ascending sequence by y
<=>[i<j > y of i_th x <y of j_th x] &2 . true
iii) Vd€data type, Ve <€nonempty set of d,
more than one d €nonempty set of d A
e<more than one d <=> the_number of e 2 2(*3)

. == true

ED)REL, yRANERBERINTNETF 224
(#2), (#3) FRICBYT % BELi_th, LAWCHT MM
the_number _of MA S L/ *ic X 2E&EIX, X () BE

18]

(6) 13 TR “BRESKRAPY , EXXE
(1985) . _
(7) 8, WA, W, B “BERECIBZ s iR
OEAMERER —HREB X35y S RGN
BAOER—" HENEEATE, SW-52-7 (1987-2),
8) i, BI, PEH, ¥ “Fuy s aHRRBREEHVE
HAREORANRREHE" , LAV AU A
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